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ASSIBACT-

Ibis aralysis presents a methodology for exam~ining a

target's sotion bistcxy to investigate those characteristics
cf tagtmotion bbich a trained gunner ky nwe

selecting shots. Using this methodology a target action
bistcry is examined and the criteria whicb twc traired

gunners use to pick skcts are described and compared. Ihe
hit ;exfcraance of each gunner is then modeled estatlishing

a relaticnship tetweem the target's motion and hit ;ertorm-
ance 1cX tikese tVo guzrners.
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1. I. jJ-DUCTION

Marks anship is a skill aciuired through learned aFpli-

caticz cf fundamental techniques peculiar to each weapon
target scenario. A rifleman firing offhand at a bullseye
practices breath control and an even trigger pull as the

sight reticle dances in small ovals over the target

mirroxing the movement of the gunner's body. His gcal is to

keek tie reticle moving around the desired impact pcint. He

knows that he cannot keep the weapon perfectly still tut
Fractice has taught him to anticipate the instant in time

when an even deliberate trigger pull and perfect target

alignient will occur simultanecusly. This technique allcws . .

some expert riflemen to place shot after shot irtc the
target as accurately firing cffhand as if they were firing

frcm a tenct rest. Scie would credit such performance with
superkuman ability but it is in fact a product of ccncetra-

tion and the basic principles of rifle marksmansbi;. In
this sialle example the gunner is able to do well because he

lear s tc judge wheE his zotion has characteristics that
experience has taught him will produce the best shot grcups.
Ee has learred the rules of when to shoot . The simpler the

weapcn and the task assigned to it the easier are these
rules cf good marksmanship to catalog and verity.

Unfortunately many mcdern wealcms and weapon systems dc not
!all intc this categcry. The principles that lead tc the

making of an expert gunner who uses a computer assisted
leading system and laser range finders all mounted cn a
sophisticdted platform and employed against mobile targets

are nct so easy to define and harder to verify. Ir many

instances the gunner himself dces not fully comprehend what
jrinci;les te follous to do well, what aspects of target

8
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aoticn he keys cn wten deciding to shcot. The prccedures

fcllcwed texein sugGest a method of doing so. Given an

accurate well contrclled experiment with clean relevant data

some ;rinciples of good marksmanship for a complex weapon

can te ixterred and can be given some degree of czedibility .

through statistical aralysis.

Ike experiment which provided the basis for this anal-

ysis fitted a trained gunner in an actual weapcr system

against a simulated acving target. The wearon system used

* was a tank with a linear lead fire control system which in

* theory aprlies gun tube lead against a moving target to

compensate for target mction during the time of fligit of
the rcund. The actual mechanics of this system are more

complicated than this and are not the object of the anal-
ysis. it is relevant in that trained gunners such as thcse

- used in the experiment are assumed to have learned, to scae

. degree, hcw to use the characteristics of this system to

achieve letter hit performance. A goal of the analysis is

to estallish a relationship between hit performance and

target :cticn when using such a system.

Ike target presented was a laser dot projected onto a

grey screen and moved back and forth on the screen tj a

zoving target simulatcr according to a precise temFlate.

Ihe tea-&late or target path is a set of corresponding Fosi-
.- tion at time cocrdirates which represent the positicis at

" given times of an actual target as viewed along a general

axis cf advance. This iositicn at time plot is derived by

" measuring lateral displacement of an actual target vehicle

as it advances toward an observer. In this conventicn the

noticn of the dot refresents the apparent lateral mcticn of
the actual target. In the experiment the dot moved later-
ally cnly and range did not appear to change although it was

simulated in the magritude of the lateral motion of the dct.

Specifically, a true change in the lateral position cf the

"*.°. . .... ........ .... .* ° - '-
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target of tuenty wters might be represented by moving the

dot ten inches on tie screen at a simulated range cf 1000

meters versus five irches on the screen at a simulated range

cf 20CO meters. Ir either instance the size of the dot

would not c¢ange. Ike physics of th simulation invclved

Frecise curvature of the screen and conversion of meters

moved by the target to radians traveled on the screen.

Ihese irccedures are not under study and it was assumed that

the action of the dct accurately simulated the apparent

lateral motion of a target.

With these ;ointi in mind one trial of the experiment

can ke described as fcllows. A gunner is placed in a tark.

He is tcld that a 1cint of light will appear on the grey

screen which he views through his target reticle much as one

would view an object through a pair of binoculars. Ee is

told tc track the target and to pull the trigger when he

feels kis tracking will give him the best chance of hitting

the target. With these instructions the gunner puts his

crosshairs on thz laser dot and moves the crosshairs tc stay

on the dot which is xcved by the machine as described above.

According tc his own criteria the gunner periodically julls

the trigger, supposedly when he feels he has the best chance

cf hittirg the target. A major goal of the analysis is to

determine if gunners have some selection criteria in terms

cf the target motion and if sc to describe it in a usale

way.

Besults from sixteen trials like the one described were

examined. Each of two gunners conducted two trials at four

diffezent ranges presented in random order. For each trial

the tiles at trigger pull were recorded and a corresponding

probatility of hit was computed. For future refererce it is

emphasized that the time at trigger pull has a cne tc one

correspondence with the time in the target's motion history.

By this fact the tartet motion parameters in the

10
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neigktcrhccd of trigger pulls can be estimated as will be

discussed later. Tie probability of hit was computed as a

;art cf the experiment using a tivariate normal distribution S
to acccunt for round to round dispersion.

1Ibe zotion parameters provided by the experiment were

the first and second derivatives of the position at time
data hbich was used to move the target dot. As earlier

stated this positict at time data has its origin in the
measurements taken from the rovement of an actual target
vehicle. lo clarify this Eoint, picture a target vehicle

moving tcards an observer. View this scene from abcve

overlaying a fixed cccrdimate system covering the limits of

the veticle's movement . Lccate the observer on the x-axis

at scae jcint beyond the stopping point of the vehicle where

he car discern only lateral movement of the vehicle. let
the y-axis represent the distance in meters to the right (+)
cr left (-) of the origin that the observer views the

target. let the x-axis represent the corresponding tise in
seconds at which the position observation occurs with time
zero leing the vehicle's starting point and time final teing
the vehicle's stopping point. Using this scenario record
the icsition of the target vehicle at discrete time Ecirts
and ycu will have dtilicated the raw data which fcrmed the
basis fcr the movement of the target dot. The actual Eosi-
tion at time data used in the experiment was a refined fcrm

cf this raw data consisting of a position measurement every
.01 second. A graphical plot of this data is shown at

Figure 1.1 Eear in mind that this plot represents over
;1500 data points. 7o picture what gunners in the exeri-
rent cbserv4d hold this graph canted at eye level and lcok
toward tie crigir frc the end of the x-axis. Now visualize
this graph collapsed onto the y-axis and the Ecirts

presented one at a time in prc~er time seguence as a Foint
cf light cm a grey tackgrcund. What you would see is a

* . . .*".
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point cf light mcving back and forth with varying ranges of

motion 7his is what gunners in the experiment observed as

the tarSet xotion....
,he apparent velccity of the target dot was ccmjutEd by

the experiment as tke first derivative of the pcsiticn at

time ilct. The matheaatics of this computation are relevant

to understanding the analysis. Given n position measure-

meats and n correspording times the difference between jairs

* cf adjacent measurements was computed. These comuutaticns

give (z-1) changes in position over a corresponding change -

in time which allcw computation of the instartarecus

velocity estimates fcz the pericds covered, each of which is

.01 seccnd in length. The actual velocity estimates are

centered, equally weighted, 31 point averages of the

velocity estimates surrounding any given point. Using this
method cf computaticn (n-31) velocity estimates were

computed. A graphical representation of the target velccity
computed by the experiment is shown at Figure 1.2 . As this
graph shcws, the velccity ccmputed by the experiment was

signed regative dencting right to left crossing cf the

target dct and ositive denoting left to right crcssing of

the target dot. The absolute value of this velocity repre-

sents true velocity ard is shcwn at Figure 1.3

71e target's true acceleration was computed as a part of

the amalysis as the first derivative of the target's true
velocity and is showz at Figure 1. . The derivaticn of

this data is addressed in the methodology secticr under
moticn jarameters. Acceleraticn as computed for the experi-

Kent was nct used as it did not readily correlate to
conventicnal notation of vehicular acceleration.

In summary the experiment pits two gunners in a series

cf sixteen trials against a point target whose motict Earam- - --

eters can ke accurately established. The experiment records

the time cf trigger pulls and accurately estimates the

12
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gunners ' performance at each event. Using these times the

* motion jarazeter - in -the neighborhood of trigger Fulls can

he deterained. Since the only stimulus is the moticD cf the

target dct it is assumed that there is some characteristic

goticm which motivates the gunner to shoot. The analysis

seeks tc verify or refute this assumption . If the analysis

.-uppcxts the assumpticn then further effort will he made to
define what characteristics of target motion motivate the
gunner tc shoot. In addition the analysis will seek to

estaklish a relaticzship or lack thereof between the

gunners' performance and the target motion at trigger Full.
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A. CEGAIIZITION OF 7EE DATA ICE ANALYSIS

1. lo.tion RAMSaete

The data prcvided by the experiment relating to

target ucticn consisted of a time, position, and velccity

data vector each containing 215140 elements. There is a cne

to one ccrrespondence between vectors. If the first element

in the time vector is .25 seccnds then the first elEmelt in

the pcsiticn vector is the target position at .25 seconds

and tie first element in the velocity vector is the target

velocity at .25 seccmds and sc forth for each successive

element in each vectcr. It is emphasized that all action

Farameteis are the apparent motion as observed ty the

gunnex.

The velocity vector was computed by the experiment

as previously described. fecall that the experiment
provided a signed vector with the sign indicating the

crossing direction cf the target. True velocity was

cbtained as the absolute value of the signed velocity. True

acceleraticr was obtained as the first derivative cf true

velocity. The 1rocedure followed in this derivation dupli-

cated tie Frocedure used in the experiment to take the first

derivative cf the pcsition vector. Given n estizates of

true velccity the difference ketween adjacent estimates was
conputed. hese changes in velocity divided by tbe ccrre-
sponding change in tize provided (n-1) estimates of
instartazecus acceleration. The actual estimates for accel-

eraticn used in the analysis were 31 point, centered,
equally weighted aveiages cf the instantaneous estizates

surrccnding a given time. Under this method (n-31)

-,..,,'..-.,.-...-.- ...-. .... ,...- ..- .. . -...... ..... ... -. . .......... . . . . . .

.. . ............................. •....... ..........................



estimates fcr acceleration were computed. The resulting

true acceleration vector was signed positive to dencte rate

cf increase in velccity and negative to denote rate cf

decrease in velocity cf the target. This vector additicn-

ally retained a one to one correspondence with the ctker

motion Earazeter vectcrs. As a minor point the derivation

irovidid no estimate for tte first sixteen or the last

fifteen tile period - . This Ercved inconsequential as the

;ericds sere short %ith duration less than .16 seccnds and

no otservations cccuized near them.
The majority cf the analysis was concerned with the ---

true velccity and acceleration of the target versus tie. A

segment cf the estizates used for these values is shcun at

Figure 2.1 . It can ke seen in this plot that the estimates
used are reasonably accurate and conform to expected conven-

tion. is the velocity estimate increases the acceleration

estimate rezains positive. Rhen the velocity estimate Eeaks
and has zerc slope tie acceleration estimate approaches zero
as expected. As the velocity estimate decreases the accel-

eraticn estimate remains negative. Extensive analysis and
fitting cf these vectcrs, or curves as shown, might izprcve
their accuracy marginally tut the analysis proceeded under

the assumption that they prcvided sufficiently accurate
estimates cf the tarcet's true velocity and acceleratica.

In summary, the motion parameters used in the anal-

Isis bere signed velccity, true velocity, and true
acceleration. It is again emphasized that these values, in

vector fcre, reiresezted the apparent motion as observed by

the gunner. Each vector consisted of 21509 data elements
with a cae to one cozrespondence to the time vector. Underthis ccnvention any given time of a trial could te matched

with a corresponding estimate for signed velocity, true

velocity, cr true acceleration for the target at that time.

19
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2. Gunner DpA

The data prcvided -by the experiment included the

time at trigger pull and a corresponding probability cf bit

for slteen trials. Each gunner conducted two trials at

four different ranges giving a total of 295 observed trigger

pulls as suzzarized at Table I I In addition to the data

1rovidEd ty the experiment, the target moticn at trigger

pull, at the time the gunner made the decision ta shcct, and

during tke time the gunner fcraulated the decision tc boct,

bere derived from the motion parameter data vectors.

TAiL! I$

rata Organization

Trial Gunner Range (eters) Observations
1 1 1000 22
21 1000 16

3 1 200 204 1 2000 29
5 1 2500 17
6 1 2500 25
7 1 3000 18
8 1 3000 21
9 2 1000 16
10 I 1000 19
11 2 2000 16
12 I 2000 17
13 2 2500 13 L .
14 , 2500 17
15 3000 14
16 3000 15

Total Cbservatioas - Gunner 1: 168
Tctal Cbservaticns - Gunner 2: 127

Total Okservations Gunner 1 & 2: 295

Note: Trial numbers are for reference only and do not
indicate the order in which trial.s were conducted.

L

Ite motion parameters of the target at the time of

trigger pull were extracted directly from the data. ice

21
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there tas a one to cne correspondence tetween the time

vectox and the loticr parameter vectors a selection vector

could ke created which would select data elements frci the

uoticz vectors based on times or positions in the time

vectcr. Fcr example, if the gunner pulled the trigger at
5.21 seccnds and 15.-1 seconds these represented Fosition

!21 amd 1531 in the time vector. Element 521 and 1531 could

then be selected fam the motion vectors to give the

target*s mction Earameter values at these two trigger Fulls.

Eecause cf the size cl the vectors involved a prograi, shcwn
at APPFNCIX A, was written tc create the selecticn vector.

Using the selection vector method the signed velocity, true

velocity, and true acceleraticn at the time of trigger pull

for each trial were selected directly from the approriate

vectcrs. for the sake of exactness it is noted that orly

the signed velocity was actually extracted using the selec-

tion vector. Here, as throughout the analysis, true

velocity was obtained as the absolute value of the sigred

velccity when needed. This point will not be reiterated hut

applies whenever true velocity is addressed.

The motion parameters of the target at the time the

gunner eade the decision to shoot were derived frc the

Boticn paraxeter vectors. Research in the human factors

field indicates that a subject faced with a visual stisulus

with little noise and a go/ no go decision has approximately

a .2 second delay between the decision to act and manual

executior cf that decision fief. 1: p. 198]. These are the
conditiors faced by the gunners in this experiment. laking
this irtc account and allowing fcr some variation a Frogram,
shown at APPENDIX A, was written which selected values fzcm
the desired motion vector during the period .18 tc .22

seconds prior to each trigger pull and computed the average

cf these values. ibis average value was then used as the

estimate Icr the particular motion parameter in the

• "" '"....."" ...... ....:" "" " ... ""



neigtkcrhccd of the decisior pcint to shoot. In this zanner

the estimates for the target's true velocity and accelera-

tion at the time of decision tc shoot were derived frcz the

data for each trial.

The target's lotion during the time the gunner %as

formulating the decision tc shoot was derived in a sizilar

manner. A subject faced with a continuous visual stimulus,

such as a moving target, can sample from the stiaulus

apprcziiately once every half second LRef. 2: pp. 61-63].

Thus, what an cbserver interprets from a visual stisulus

will te a iunction cf snapshots taken in half seccnd wirdcws

cf time which will hereafter be called sampling windows.

Using this tasis the gunners' sampling windows were defined
as half second time segments begining .2 seconds pricr to

trigger jull. In this convention samile one was defined as

the pericd .2 to .7 seconds prior to trigger pull and is the

last saalle the gunner took prior to making the decisicn to

shoot. A program, shown at APPENDIX A, was written uhich
selected values from the specified motion vector durir S any

half seccnd interval specified. The program averaged these

values and this average provided the estimate for the zction

parameter during the sample window specified. Using this

procedure estimates for the target's true velocity and

accelezraticr during the four sample windows pricr tc the

decisicn tc shoot were derived for each trial. These esti-
mates were assumed to be the last four samples cf the

target's mction which the gunner observed prior tc making
the decisicn to shoot.

These are in summary the procedures used tc ccapile

what is called the gunner data. To recap, the gunner data

consists of the follcwing.

(1) ime ci trigger pull.

(2) frctakility of hit at trigger pull.

(3) The target's true velocity, signed velocity, and true

acceleration at the time cf trigger pull.

2.3



(4) The target's true velocity and acceleration at the time

the gunner made the decision to shoot.

(5) lhe target's true velocity and acceleration during tte

time the gurner fcrmulated the decision to shoot.

3. Ection Parametr Cells

The sample slace for the analysis of target icticn

is defined as all 21!C9 estizates of target motion. An esti-

mate cf target moticn in this context refers to the two

dimensioral Farameterization of the target motion for any

given irstant in time covering the duration of the trial.

7he two dizensicns refered to are velocity, (signed cr true)

and true acceleration. using this definition the distriku-
tion cf the target iction can be plotted in two dizersicns

as sbcwr at Figures 2.2 and 2.3 Each of these jlcts

consists of 21509 1cints and in an abstract sense they

represent the density of the target motion which tie gunner

cbserves. Looking at Figure 2.2 each point on the plot

estimates the target's true velocity and acceleration during

.01 sEcond cf the total time history of 215.09 seconds. To

expand this concept consider all the points in the sguare

labeled A cn the jlot. Ihis square will he reafter he

referEd to as a cell cr motic parameter cell. Assume you
count the total numler of points in this cell to he 407.
Since you know there are 21509 total points you can compute

the prcpcrtion that are in cell A as .0185. You can further

state that the target displayed motion with velo;ity between

10 and 12 meters per second and deceleration between 2 and 0
meters per second sguared 1.85 percent of the time. In

general, the denser the plot the more the gunner cbserved

that razGe cf target iction. Ey grouping all the twc dimen-

sional estimates for the target motion into cells with

toundaries cf velocity and acceleration, the target action

can te guantified. Using the same procedure for cnly the
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target ucticn at gunner selections the target moticn it the

neigbkorhccd of trigSer pulls can be analyzed using several

statistical techniques. A program, shown at APPENDIX A, was
written which ccmputes the cell counts for any selected

boundaries of velocity and acceleration. This program was

used tc ccmpute the lotion parameter cell counts for the

sample space and the gunners' selections.

E. IRAIISIS OF 7ARG17 HOTIC.

1. !stablishin Gnner Selection Criteria

The first step in the analysis of the tirget zcticn

was tc determine if there was statistical basis for stating

that tie gunners had any selection criteria at all. Io do

this, the assumption was made that the gunners' selecticns

were randc. Given this assumption certain characteristics

should appear in the observations, the existence of which

can te tested using statistical procedures. If these charac-
teristics dc not aflear then there is basis for assuming -

that te gunners' selections are not random but selective.
This aetlcdology was applied to two contexts of target

moticn.

first, the analysis examined the question cf a

selection preference in the crossing direction of the tartet

which was specified by the sign of the signed velocity
vector. Through a counting process the propcrticn of

elements in the signed velocity vector less than zerc was
determined to be p=.506. This gives the proportion cf time

the target crossed right to left. The proportion of time
the target crossed left to right is (l-p) = .49 4 Using

these jropcrtions tie observed and expected values for
gunner selections could be compared as shown at Table I1

With the exception of the first trial at 2000 zeters for

Gunner ce there aplears to be no crossing praference for

either gunner. Al. trials were tested against the

25

~~~~~~~~~~~~..........:..............,..........................,.,..........'...,,-,....,,...... ft,. ,. .-. .. . . . .. i?



-j r

I 4-4

IL -ow - I

I 26



-Il

v 85

Iz .:'u\ 44

I NOU.YH3130:0y

27



assualticn cf nc preference using the test of pro~crticns

(Ref. 3: Ep. 528-534]. With the exception of tae one trial

noted, the results indicate no preference in crossing direc-

tion fcr either gunrer with alpha egual .05 . Based on

these results further analysis assumed no preference in

crossinS directicn.

TIL! 11

Crcsing Preference Data

Total Obs. ip Obs. (Zx
Gunner Sane Obs. Rilh -LeA Left-Ri ht

1 1000 2 1 11 9 11
1 1000 16 8 8 81
1 2000 2C 5 15 (
1 2000 29 12 15 15 '14
1 2500 17 8 9
1 2500 25 11 131 1
1 2500 1 E 10 9
1 2500 21 9 1 12 10

2 1000 16 6 a 10 8
2 100 is 10o 1 9 9

2 2000 16 8 8

1111 11 8 9 9 a,2., 300 0 1 4 8 76 7
3000 16 8 87

Sate data - ccmbining trials at the same ranga

1 1000 3j 21 (19) 17 (19)1 2000 49 17 (5 32 24
1 2500 4 19 21 23 (21)
1 2500 3S 17 (20 22 19

1000 3~ 16 (1 19(17)-:2000 3.: 16 1 17 16
25f00 3C 15 (15) 1 (15)
3000 29 16 (5 IJ 14

Saxe data - combiring trials for the same guoner
1 ALL 16E 74 (151 94 (fli

1 ALL- 148 69 "79("
2 LL 127 63 64 63 63

INcte: ALL- excludes the first trial at 2000 aaters.

28

S.*-'.... *-. ..=.-.. .- • . . . -. . . .. .. . . . .. . . . . . . *-.. .. . . . . • ,
. - -.-., . .. , .= -. '-. _..* - '.. . .,,. . . . ... ,, , . . . , ,

,*b..... . . . . . . ................ ..... " """" ,-,':



The second otjective relating to selecticn criteria
was tc assess whether the gunners had any overall preference

in target motion. lid they screen out certain ranges of

motion ard look for cthers as they engaged the target? This

questicn was addressed by grcuping the gunners' selecticns

at trigger pull and the sample space into motion parameter
cells amd ccaparing the two distributions. In this manner

cne cculd cserve the proportion of selections by the gunner

in a certain range cf moticm against the proporticn of

cpportcnities availakle and assess whether or not an overall

difference exists. Eecause cf the small sample sizes for

individual trials this jortion cf the analysis was ccnducted

in twc stages.

In the first stage the observations for each trial
were Stooped into the notion parameter cells shown at latle -

III . A subjective analysis of this data suggests no
significant difference between trials at the same range or
ketweer ranges with the same Sunner. There appears to be a
significant difference between the two gunners however.
7his aralysis was confirmed using a contingency tatle test
[Ref. 4: pp. 153-170]. The hypothesis of no interacticn due

to trials with the sane gunner could not be rejected. 7he

hypothesis cf no interaction due to trials between gunners

was rejected at the .05 level. Based on these results it
was assumed that trials within the same gunner cculd be
combined with no significant degradation in the validity of

the analysis. These results advised against any analysis
lased on trials combined between yunners.

In the second stage the combined observaticns of all
eight trials for each gunner were grouped into the action

param.ter cells shown at Table IV as were the observaticns

for the total target motion. Reading the table ncte that
cell I for Gunner 1 has an entry of 6 for the expected
number of shots. This value is computed as the product rp

29
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TABLI III

Compaziag Individual Trials

N1oticn. Parameter Cell
Gunner Ban e A B C D E F Total

1 1000 9 0 2 4 3 4 2;
1 1000 3 1 0 5 3 4 16

1 ;000 5 1 1 5 4 4 20
1 2000 6 1 1 7 4 10 29

1 2500 6 0 1 2 3 5 17

1 2500 8 1 2 2 4 a 25

1 2 000 3 1 2 4 4 4 18

1000 2 1 2 5 3 4 17

1000 2 2 4 2 0 8 18
2000 2 1 2 1 1 9 162 000 1 1 5 2 3 571

29 500 1 0 3 2 1 6
2500 1 1 3 2 4 6 17

2000 2 1 1 1 3 6 14

2 3000 0 1 3 2 4 5 1!

L 1 1000 12 1 2 9 6 8 3E

1 2000 11 2 2 12 8 14 49

1 2500 14 1 3 4 7 13 42

1 3000 8 2 2 10 6 11 39

-IO 1000 4 3 6 7 3 12 35

2000 3 2 7 3 3 14
A 2500 2 1 6 4 5 12 3.I2, 3000 2 2 4 3 7 11 2S,-

1 ALL 45 6 9 35 27 46 16E

ALL 11 9 23 17 18 49 127

I "

I ;Cell Eoua daries
AlCell Vel. Acel.A- 1 13 c C 0 - 1 -6 - 0 . -,

zo B 1-3 -6- 0
.. 3-13 -6-

1-3 C- 6

D F 
3 -13 0 6

VELOCITY
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where n is the total number cf shots taken and p is the

_ropcxticn cf tize tie target displayed motion delineated by

cell 1. If the gunner's shots were random we would expect 6 B
to occur in the rarge of action delineated by cell A.

Seading down the column we see the actual number observed in
cell I at shot is 4, at decision is 2, during the first

sample windcw prior to decision is 0,and so forth. This
B

data sucgests that gunners do have a selection method
because their observed choices differ substantially frcr the
expected number of chcices fcr several cells. These overall

distributions were ccmpared to see if they were the same

using tie Chi Square Goodness of Fit test [Ref. : pp.
189-ISg). The hypcthesis that the two gunners randoily
selected times tc shcct from the available opportunities was

rejected, fcr each gurner, at the .05 level. In addition,

the hjpotbesis that Gunner 1 selected times to shoot ir the
same ways as Gunner 2 was rejected at the .05 level. Eased

cn these results it was assumed that gunners do have a
selecticz method and that there is a difference it method

letween the twc gunners.

2. CbhaXagcrizin. _I _qt N8otio~n

Having estatlished evidence that gunners dc have

some selection criteria, graphical analysis backed up by

statistical testing wiere feasible was used to clarify what
it is. The graphs shown at Figures 2.4 and 2.5 show the

target mcticn in the meighborhcod of trigger Fulls. Viewing

these graphs in sequence frcm sample 4 to 3 to 2 to 1 to

decisicn tc trigger lull re-creates the overall snapshcts

allegedly taken by the gunner during the 2.2 seccnd time

history leading up tc trigger pull. The graphs suggest an

cverall decrease in target *cticn during the time leadirg to

trigger pull. The decrease in velocity is not so clear but

the acceleration changes dramatically from positive to -
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TABE IV

Comparison of Distributions

Guner Selections vErses Total Tar qt Mot icn
Motion Parameter Celi

Gune 1 A B D j F G B I Ji~ x L
Exlected 6 21 37 1 2 43 13 3 5 20 -

C= I a---- ---- ----- -. - --

At Shct 4 2 2 41 10 1 28 19 4 7 38 12

Decision 2 2 1 33 S 3 39 24 4 1 40 iC
Saalle 1 0 3 1 30 1 -- 2 44 27 8 1 29 1 C
Sazile 2 0 6 3 22 27 9 47 26 12 1 12 -

SaxclE 3 0 22 10 22 34 10 44 15 4 2 3 ;

Sa;leE4 1 49 12 32 17 2 35 9 3 2 4 2

Gurmer 2 A B C D E F G 1 I J L( I
EZxectEd 4 16 2 28 9 2 33 9 3 4 15

rpa a- -- - -- - - -- - - -

At Sbct 1 7 4 10 12 8 18 15 8 0 28 1

recisicm 0 7 8 7 14 5 21 13 13 1 28 1C

Sax~le 1 0 15 5 8 14 6 17 18 17 3 18 6

SaEcle 1 1 24 7 9 22 12 16 12 10 0 10 4

aSile 3 3 37 13 13 23 5 12 9 7 0 3 2

Sa ile 4 1 48 13 18 15 3 10 8 6 1 2 2

I •

Cell Vel. Acel.
A 0 - 1 -6 to -1
E - 3 -6 to -1 AI C
C 3 - 13 -6 to -1
1: 0-1 -1-0 -

3 - 13 -1 0 0 E
G 0 - 1 0 - 1 d - IB 1-3 0-1 -- - -------------
1 "-13 0-1

0 1-6 1 6
K 1-3 1-6 "
S 3- 13 1 -6

0 'S

VELOCIIY
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negative as trigger Full ajprcaches. In real terms this

suggests that the gurners icok for points where the target

speeds uj and then slcws down taking the shot as the target

apprcaches zero acceleraticn cr as it decelerates. Ibis
implies that gunners may be trying to match trigger pull"
with eittex constant velocity, zero target motion, cr tcth.

To identify tie specific ranges of motion preference
for each gunner the proporticn of total target moticr for

each acticr parameter cell was compared against the jrcpcr-

tion selected by the gunner using the test cf propcrticrs as

outlined in Duncan. As an exaxple, the number of selecticns

in cell A by Gunner one at trigger pull is 38 as shcwn in

Table IV . The Eropcztion cf gunner selections in this cell
Ais then 38/1168 = tctal selections) or p = .226 . The

iropciticn of total target motion in this cell is p = .11.

7he l]yothessis that I = is then tested and rejected at the

.05 level indicating strongly that the proportion cf selec-

tions in cell K by Gurner one is higher than expected. It

is izpcrtant to note here that gunner selections are assumed
to be independent remembering that gunners did not have to

make any selections. Gunners were tcld only to track the

target and shoot whEt they felt they could hit the target.

Using this procedure each cell for each time pericd fzcm
trigger lull to sample 4 was examined to determine which

cells had selection ccunts higher or lower than expected at

the .C5 level or less. Figures 2.6 and 2.7 show the results

cf tiese tests. Each figure shows regions cf action
selected acre than exlected as shaded areas whil.e regicns of

motion selected less than expected are shown as crcss

hatched areas. kll cther areas had ibe expected numter of

selecticns. Both gunners avoid sharply increasing target

moticn and to a lesser degree sharply decreasing tartet

moticn. Bcth gunners give strong evidence of looking for

the target to decelerate or for acceleration to ajproach

33
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2ero. Several differences between the two gunners are also

evidezt. Gunner 2 has fewer shots than expected in the

i neightcrhocd of zerc motion. Gunner 1 displays this

* tendency tut to a lesser degree. In addition, Gunner 1 has

a narzower range of lrefered motion than Gunner 2.

7he boxplots at Figures 2.8 through 2. 13 clarify

these statezents further. In each of these figures the
distrituticn of the ;articular parameter is shown in hcxplot

format. [Ref. 5: pB. 58 - 62]. The box encloses roughly

the imteiguartile range of the data with a circle indicating

the wean and an asterisk the median. Tze X at the erd of

the whiskers indicates the main body of the data, aFproxi-

matell S Zer cent, while circles beyond the X indicate
outliers. Figures 2.8 and 2.9 show the distributicn of
acceleration for Gunner 1 and Gunner 2 respectively. 7hese

indicate that both Sunners look for target acceleration
follced by deceleration during the time leading up to shot.

Figures 2.10 and 2.11 show the distribution of velccity for
both Gunners in the same format. During the period leading

to trigger Eull for Gunner 2, target velocity remains fairly

constant with a slight increase followed by a slight

decrease as trigger pull approaches. Gunner 1 displays a
greater tendency to lcck for decreasing velocity during the

time ireceEding trigger pull but the large numter of
outliers indicates that this may not be a very strong

criteria by itself. figures 2.12 and 2.13 show the magi-
tude cf zoticn in tke neighbcrhood of trigger pull. ibis

term is somewhat contrived but logically so. The absolute
value cf acceleraticr plus the velocity of the target are
summed tc give a relative indicator of bow much motion the

target displayed at a given time. By combining these two "

variables in this way motion will appear large if either

velocity or acceleration is high and larger when bcth are

high.
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There is a clear terdency fcz bcth gunners to seek reduced

target zcticn, in this context, at trigger pull. Gunner 1

appears tc set tighter limits cn how much motion he will

allow tut kas a larce number of outliers indicating there

may te additional criteria other than strictly target acticn

which influence his decision tc shoot.

Figure 2.14 zhows the Ferformance for both gunners.

Gunner I made 168 shcts, giving 168 values for P1, his Ircb-

ability cf bit. Gunrer 2 made 127 shots, giving 127 values

for E;, his prcbability of hit. One can then dencte the

propciticn of P1 or E! values less than or egual tc p for j

tetwEEn 2erc and ore inclusive. The proportion of shots

falling at or below any given value of PfIT can te dEter-

mined ficm Figure 2.14 by picking a point on the Eict and

reading the proporticn from the y-axis coordinate and the

PHIT value from the x-axis cocrdinate. In this manner the

dotted lines on the figure show that 50 per cent cf Gunner

l's shots yield a PHII value at or below .33 and 50 per cent

cf Gurnei 2's shots lield a PHll value at or oelow .22

The 1icts and the statistics shown indicate that Gunter 1

shoots mcre often and does a slightly better job cf picking

shots. Gunner 1 shows a smaller proportion of shcts

achi evinS lw PHIT values.

In summary tie selection criteria can be stated as

follcws. Ecth gunneri look for decreasing motion in generai

and deceleration cz acceleration approaching zerc in

specific. There is a slight tendency for Gunner 1 tc lcok

for decreasing velocity, less so for Gunner 2. Both gunners

screen out sharply increasing or decreasing motion. 7hese

statesents are strongly suppcrted through statistical and

graphical analysis. As an intuitive observation, Gunner 1

seems tc anticipate target motion better than Gunner 2

enabling more of his shots to fall in the neighbcrhccd of

zero tarcet moticn.
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C. CDEIN1G GUNNER E!RFOREINC-

least squares multiple regression was used to ex lcre

the rElaticnshij between EHIT and the moticn parameters.

PHIT was treated as the dependent variable and tc ue veiccity

and acceleration were used as the carrier or exFlanatcry
variakles. A constaxt tern was used in all cases since it

was assuzed that the gunners would achieve some level of

PHI greater than zeic given a stationary target. !he vazi-

able definitions shcun in Tatle V will apply bencefcrth.

Expazding cn this talle, X represents the vector of indepen-

dent variables each teing a vector with the same dimension

as PHI1, the dependent variable. X0 is a vector of cnes for
the ccnstant tern in the regression. XI might be V fcr the
velocity associated bith each EHIT value. X2 might be A for

the acceleration asscciated with each PHIT value. X3,

. ,... lb would be ctber functions of the motion parameters
associated with eact PBlT value. BETA is the vectcr of
coefficients with EETAO being the coefficient of the

constant term, BETAI being the coefficient for X1 azd so

* forth for each independent variable.

TILE V
Variable Definitiom f ci Regression odels

Dependent Variable: PHIT = Probability of Hit
• ~In 'e~ndent Varialles: X = 10 or X 1 or ... XN iiil

12 =- I = k Vectgz of Ones
V - Irue Velocity Vector
A = rue Acceleration lector

• Ccefficlets:
EITA = .EEA0 BEM,.°.B!IAN = Coefficients Vectcr

MA10 = C = tonstant Term

4f
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Since previous aralysis ccnsistently indicated differ-

ences letween gunners each gunner was modeled separately.

In an iterative manner various combinations of the carrier

variables were examined in an effort to discover a sim~le

model which would ;rcvide a reasonable predictor cf PHIT in

terms ci acceleraticn and/ or velocity. Initial efforts j
with linear and polyncmial models yielded poor fits. Ibis
precluded the sisplest of sclutions but was expected since

these fcrms do not consider the constraints imposed ty the
data. EHIT is constrained to lie between zero and cne

inclusive. These mcdeis allcw the predicted PHILT tc assume

values cutside this range. Logistic mcdels represent a

family cf models which satisfy this constraint and the

linear lcgistic model is perhals the simplest way to

represent the dependence cf a probability on explanatcry

variatles sc that the constraint of lying between zerc and

cne inclusive is satisfied [Ref. 6: p. 18). This nodel is

defined at Equation 2.1 and was used with good r.sults.

log EH17/ Il-PHIT)) X x EETA (egn 2.1)

Sefering to 7able VI a more detailed explanation of the

iterative process used will clarify the results which
fcllcw. Cclumn one in this table indicates the independent

variables fcr the particular model while column tuo indi-
cates tke variable ccefficient as computed by the linear

logistic regression. Columns three and four provide the

7-statistic and thecretical T-value used t0 test the

hypothesis that the coefficient is zero with alpha equal

.05. Ccluan five indicates the F-significance (1-alha) of

the regression and column six indicates the percentage of

variatility explained by the regression. Of general note is

the * ciezator used kere and elsewhere to denote expcnertia- -

tion, for example, A*2 means the square of A.
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T-B TIDI VI
Selecting the Eest Logistic Model-1O00 Meters

Gurmer 1 1000 Meters Logistic Model
BETA 1-Stat T-.05 F *2

I 1.67 4.22 2.04 1.0 .E89
V -. 23 .75
V*2 .02 .64

A-.89 1.47
A -1.47 7.54

SI94 1.69 2.03 1.0 .696
v .09 .69

3.53 8. eO

I 1.43 4.76 2.03 1.0 .E84
Vxh -. 06 1.02
A*2 -1.27 13.77

I 1.21 2.56 2.03 1.0 .703
Vx A*2 -.05 1.15
A 2.82 5.23

1.46 4.S9 2.03 1.0 87
-. 17 1.2A*; -1.44 7.75 .

1.47 4.S8 2.03 1.0 .e81
A*2 -1.28 16.32

I--
Gumner 2 1000 MetErs Lcgistic Modelx BETA 1-Stat T-.05 F "*2I .96 3.22 2.04 1.0 .E E

V -. 01 C03
V*2 -.01 1
A -1.68 12.14
A*2 - .78 11.93
1 .16 .26 2.04 .98 .234
V -.14 1.34
A -. 97 2.99

I .69 2.-4 2.04 1.0 .760
VXA -.26 7.57
A*2 -.73 9.04

I .39 1.18 2.04 1.0 .635
VI A*2 -. 12 6.24
A -1.59 6.43

C .66 3.24 2.04 1.0 .E67
A -1.66 11.33
A*2 -.77 12.73
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least sguares regression using the linear logistic odel

shown at Eguation 2.1 with the explanatory variables shcwn

in cclumr cne yielded the statistics shown in Table VI

lookirg at the first model for Gunner 1 it is readily

apparent that velocity has little effect as a predictor *.

variable. Looking at all the models for Gunner 1 the best

overall appears to be the last model. The carrier variatle
in this mccel demonstrates ncnzero effect and variability

explained ty the model is high at .881. 7his mcdel was

arrived at by elimirating carrier variables shown to have

little effect in previous iterations. As an exaEle the

first mcdel gives a bigger R*2 value because Lt has more

terms. In this model the V and V*2 terms demonstrate no

significant effect ard can be removed with little effect.

The same lrocedure bas used for Gunner 2 coincidentally

arriving at a similar best fit model in terms of the carrier
variables. These zcdels suggest that acceleration has a

significant effect on the variability of PHIT at this range

with deceleration having a greater effect for Gunner 2.

This effect is diminished for acceleration less than cre and

. amplified fcr values greater than one meter/second-sguared.

The fact that velocity bad no discernable effect amon5 all

the models examined is jerhaps more important. This
. suggests that the system filters out the effects of veiccity

o cn PBI at this rance. The system is supposed to do this

but the analysis now 1rovides objective testimonr suggesting

that it does.

A similar analysis was conducted for each gunner at each
range with the results shown at Table VII These represent

the test mcdels for each range and were ottained through

iterative aralysis cf varicus combinations of the carrier

variables V and A. These models imply that the system dces

not filter cut the effects cf velocity as well it increased

range as evidenced by the emergence of velocity terms as

50
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significant at longer ranges. Comparison of these wcdels

shows Gunner 1 to be &ore affected by velocity than Gunner 2

and Gunner 2 to ke less affected in general by target action

than Gunter 1. The different effects of velocity cn Gunner

1 were clarified somewhat by examination of residuals ihicn

showed acst outliers to lie at high values of veiccity.

Looking at figures 2.10 and 2.11 we see that Gunner 1 had a

fair musker of fliers with velccity in the range of 8 to 12

zeters/seccnd while Gunner 2 had none. The greater effect

could tkerefore be explained bl the fact that Gunner 2
screemed out the cacse in selecting when to shoot whereas

Gunner 1 did not. 5ith the ezception of the trials at 2C00

seters Gunner 1 seess to be more affected by target mcticn

than C-unner 2. The lesser isputed contribution of tar-et"

moticn towards variakility of PHIT for Gunner 2 has no

apparent, cogent explanation in the data. It does suggest

that cther factors mct considered such as tracking ability

and mctivation may have greater effect on Gunner 2 than on
Gunner 1.

Ic unity the description of probability of hit for both

gunners cver all rances a ccmmon model was selected for all

the cases. This model includes both A and A*2 as carriers
for bcth gunners. lable VIII provides a summary for bcth

gunners. from this it can be seen that the majority cf the

variatility in PHIT caused by target motion is explained by

acceleration. For tcth gunners at all ranges the A*2 term
is a significant detractor from performance. This would

indicate that high values of acceleration or leceleration

kave a detrimental effect on EBIT while values less thar cne

have little effect. The emergence of the A term as
significant at 3000 meters suggests a greater effect of

deceleration and smaller values of acceleration at this

range fcr Gunner 1 and at all ranges for Gunner 2. Ihis
judgeaent is partially explained by both gunners' prcensity

to select zcre in this range.
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TABLE VII

Gunner 1 and 2 Best Logistic models

I Gunner 1
Ba e X BEIA T-Stat T-.05 F R*2
10C0 I 1.47 4.98 2.03 1.0 .681

j ,2 -1.2e 1f.32

20GO I .'4S .75 2.03 1.0 .698
-. - 2.55

A*2 - 1. 7.78

2!CO 1 .2O .45 2.02 1.0 .858
VxA .24 3.69
A*2 -1. 14 8.61

3000 I -. 6 .99 2.03 1.0 .873v -. S7 5.50
A -1.51 3.33
A*2 -1.67 E.98

All I .49 1.48 1.98 1.0 .746
V -;.f6 4.36
A -. 6E 2.13
A*2 -I.614 3.41

Gurnex 2
R arr X BEIA T-Stat T-.05 R*2
0C I.66 .24 2.04 1.0 .867

A -1.66 1 1.33
A*2 -7 12.7 -,

20CO I -1.66 1.86 2.04 1.0 .586
A -3. c 4.19
A*2 -2.67 6.51

25CO I -3. 6 2.84 2.05 .999 .443
A -1.58 2.29

-.. A2 - 1. 2: 4.60

" 3CCO I -1.E2 .90 2.06 .999 .4e6
-. 76 2.99

...VxA 2.47
A*2 .Sk 4.31

All 1 23 .32 1.98 1.0 .472
y-.! 5.13

V.A -1.20 6.05
"*2 9.40

[..- 
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figures 2.15 and ;.16 show these logistic models jlctted

in the aj;licable range of mctica for each gunner. These
plots were constructed by sclving for p in Equaticn 2.I

giving at equation icr p in terms of acceleratior and the
regressicn coefficients. Usirg the regressicn coefficients

in Tatle VIII p was then plctted over the range of accelera-
tion cbserved by tie gunner giving the symmetric, bell

shaped crrves shcwn. These models indicate a narrcw range

cf acceleration within which any appreciable chance cf bit

can ke expected. The band width of acceleratic within

which hits can be expected generally decreases significantly

past 1000 meters and is considerably wider for deceleration

for Gunner 2. Gunner 1 appears to be equally sensitive to

acceleration and deceleration since his fitted curves are

pretty well centered at acceleration equai to zero.

Exaiination of residuals for these models shcwed an

irregular cyclic lattern which on closer examination

follcwed the increase and decrease in target motion. It the

hopes of achievirg a better fit with this model the target -

toticn data was sectioned intc one of three categcries of

change, defined nominally as slow, medium, and fast. The

selecticns keyed on acceleraticn with the general rule that
target acceleration less than one meter/second sguared was
defined as slow, acceleraticn greater than two meters

/seccrd squared was defined as fast and acceleraticr between

these twc values was defined as medium. The time trames for
each range of motion are in Table IX while Figures 2.17

through 2.2C show these sections visually.
Using this secticning the A, A*2 logisti: model was

applied to each gunner for each section at each range with

the results shown at Table X . The first column in this

table indicates the three sectioned models fzor each range.
Beading acrcss for the slow model at 1000 meters fc Gunner
1 the secord column indicates that the constant term had

significant effect with a coefficient value of 1.46 as

5.3
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TABLE VIII

Gunner 1 amd 2 At A*2 Logistic Models

Gurne, 1I aEap X BETA T-Stat T-.05 F R *2 (Eest)
10C I 1.4f 4.99 2.03 1.0 .887

A -. 17 1.32
A*2 -1.44 7. 15

20C0 I -.35 .55 2.01 1.0 .661 (.69E)
A -. 47 e84
A*2 -2.0- 7. 57

2-C00 I -.12 .24 2.02 1.0 . le(.85E)
A .8S 1.39A*2 -1.17 4. S0

30C0 I -1.7S 2. 57 2.03 1.0 .763(.873)A -1.2! 2. 06- --A*2 -1.95 8. 13

Al1 1 -.23 .75 1.98 1.0 .716 (
A -.4S 1.47 9 1 .1(4
A*2 -1.7C 13. 19

Gurner 2
Barq X BETA T-Stat T-.05 F R *2 (Eest.
i0C I .66 3.24 2.04 1.0 .867

A -1.66 11.33
A*2 -.77 12. 73

20CO I -1.6 1.86 2.04 1.0 .5E6
A -3.5C 4.19
A*2 -2.67 6.51

2-CC I -3.36 2.84 2.05 .999 .443
A -1.5E 2.29
A*2 -1.32 4.60

30CO I -5.63 4. 15 2.06 .991 .3 0S (.a86)
IA -2.41 1.991 A*2 -1.3C 3.20

iAll I -2.92 4. 15 1.98 1.0 .366(.472)
'A -1.9c 4.66
A *2 -1.35 8.45

SNcte: E*2 (Best) relers tc the R*2 value obtaiaed witb
the test models as shown in Table VII
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computed ty the regression. The third column inlicates that
the A tezz had no significant effect for this model. The

fourth cclumn indicates that the A*2 term also had no
significant effect fcn this mcdel. The fifth column labeled,
F indicates that the f-significance(1-alpha) for this model

TJB1I IX

Sectionmig of Target Acceleration

AOTICN DEFINITION AT TIME

-ize (geconds) Slow Moderate Fast
0 -

19 - 35 -
35 - eO x

60 - 66 x
66 - 100 x
10C - 112 -

112 - 138

1E- 162 x
1 170 .

17C- 183 I-I

16. 212 X

is .2E . The sixth ccluan is the R*2 value for this acdel.
and the last coluzz indicates the number of ckserva-
tionslshcts) falling in the slcw range of target ucticn.
The secticred models are for the most part not significant
as predictors. MLst cf the coefficients are not significant
and where tkey are tke variability explained by the todel is

57
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to the dependent and/or carrier variables or same type of

pattein in most cases. The two exceptions to this rule are

the fast mcdels for both gunners at 1000 meters. These

models show high levels of significance with non-zerc coef-

ficiexts ard high B-sguare values. They additiorally

display jatternless residuals. Figure 2.21 and 2.22 shcw

the Slotted equatiors for all models with F-significance

greater than .95 . 7hese sectioned models generally izdi-

cate a narrcw rarge cf acceleration within which any chance

cf hit can ke expected. This range is generally wider for

deceleraticr but there are exceptions to this rule for

Gunner 1 who as with previous models appears to be equally
sensitive tc acceleration and deceleration as evidenced by

his fitted curves being centered at acceleration egual to

zero.

Analysis of variance data for the total and secticned A,
A*2 models is cottained in Tatle 11 . The first cclun in . "

this table indicates the Gunner, the range and the source of
variaticr. MEAN indicates variation due to the grard aean,

EEG. indicates variaticn due to regression, RZSD. indicates

variaticr due to residuals, and TOTAL indicates total varia-

tion. Columns two and three under the heading IC"LAI(or
total ursectioned A, A 2 model) indicate the sum of

squares J-S) and mean square (AS) error for each scurce for
each zodel. Similar entries under the heading SLOW indicate
the sum cf squares and mean square for the slcw secticned A,
A*2 zcdel. Entries under the heading MEDIUM and fA57 are

for the resfective sectioned A, A*2 model. This data gener-
ally shows an increase in mean square residuals with an

increase in range or an increase in target motion. The fast
model tcr Gunner I at 1000 meters shows a relatively good

fit. Cr closer exazinaticn however the mean square resi-

duals for this model are worse than for the total model """'*"

indicating a looser fit even though explained variability
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TA1E12 X ----
Sectioned Model- A, 1*2

Gurnr 1
10C I A 2 F R*2 Obs.

slcw 1.46 )es yes .28 .05 15
med. yes 2es yes .18 .06 9
fast yes yes 1.77 1.0 .878 14

2000
slcw yes jes -. 95 .99 .56 17
see, yes yes yes .45 .10 14
fast yes jes yes .24 .04 18

slcO yes 3es -.40 .99 .52 16

zed. yes Ies yes .70 .33 9
fast yes JQs yes .99 .73 17
30¢0 O
Slcw -. 21 JeS -2.2e .99 .55 15
Zed. yes yi s yes .54 .40 6
fast -10. 1 es yes .89 .25 18

As 2
slc, .34 yes -1.02 .99 .15 65
med. yes 1 yes yes .65 .06 38
fast 1 es yes .02 .00 67

Gurmer 2
10a e ETA 0 (alpha = .05)

0 I A A*2 F R*2 Os.
slcw 1.45 yes yes .15 .05 9
M3e. yes _eS .03 .01 6
fast yes -1.83 .69 1.0 .942 20

200
slcw .21 yes yes .53 .32 7
med. -. 52 yes .69 .45 7
fast -.40 - -1.37 .99 .54 19 t
2!C0
slcw yes 3es yes .71 .71 5
med.. es jes -ies .88 .65 7
fast -. 06 yes -. 05 .97 .36 18

30C0
slcv yes es yes .71 .71 5
Med. yes yes yes .45 .45 5
fast -a. 92 yes -. 96 .89 .23 19

eses "iS .95 .24 2
me 214 es s .0 .1
fast .45 .93 -1.09 1.0 .30 76

6.3
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remains Iigh. The fast model for Gunner 2 shows the cpfo-
site in that the s~ctioned mcdel has smaller mean square

residuals indicating a tighter fit with higher explained

*variatility. Of mincr interest is the jump in mean square

residual fcr Gunner 1 at 2000 meters for the total and fast

secticn sode., This is just one additional departure from

trend which goes with this trial. The net results ore draws

from the acdels must he buffered with qualifiers. The
assumpticns for regrEssion are not tested and informal anal-

ysis sbos them to be weakly supported in some cases. The

models tend to amplify the differences between gunrers and

this trend combined hith irevious analysis is significant

and should tot be igncred. The persistance of icceleration
sguared as a significant explanatory variable is anctler

trend which should nct be ignczed. This is also suppcrted

by previcus analysis in that trained gunners seem tc screen

cut this factor which the mcdels in general show detracts

from ;ezfcrnance. The final salient point brought forth by

the models is the ccnspicuous absence of velocity as an

explazatcry variable. Here what the models do not say is

impoxtant because it suggests that the total gun system
filters cut the effects of velocity. This trand is scre

Froncunced at close range and more so for Gunner 2 than
Gunner 1. The models further indicate that for each gunner
there is scie threshcld of acceleration beycnd which hits

cannot he expected. This threshold appears to be less

sensitive tc deceleration. This suggests that gunners can

anticipate target moticn better when the target is deceler-
ating cr they can track better in this condition or a

comimation of bcth tiese factcrs.
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[ TIBLI 11

JNOVA - Sectioned Models, Gunner 1 and 2

IIctal Mcdel SS/MS Sectioned Model SS/MS
: Guxner 1

10C TOTAL SLO , EDIUM EAST
SCUJCE SS mS SS MS SS IS 3 S mS
MEAN 12 33.1 4.2 176
BEG. 136 368 .037 .018 .4 .18 545 272
B E. S4 2.7 .637 .053 5.7 .95 76 6.S
TCIAL 642 22 34 2.25 10.3 1.14 797 57
20C0
MEIN 629 o0 22.4 373 II BEG. 1147 574 .7 .33 18.6 9.3 29 14.6
REIS. 589 12.8 .5 .C4 160 14.6 760 50.6
TC7AL 2364 48.2 1.2 .07 201 14.4 2161 120
2500
MEAN 549 .6 3.3 1208
BEG. 1162 581 .5 .25 .7 .33 552 216
B ED. 259 6.7 .4 .04 1.3 .22 204 14.5ITCAI lS170 47 1.5 .10 5.3 .59 1964 116
3000
M2EN 1616 3.0 4.8 3171
BEG. 1318 659 .8 .42 1.0 .5 40.6 20.3
RI ESr. 410 11.4 .7 .06 1.5 .5 121 8.1
7IC'AL 3.345 86 4.5 .30 7.3 1.2 3332 1E5
All Banq s
M IEA N 2284 2.2 13.2 5179
1BG- 1916 958 5.7 2.5 12.3 6.1 .5 .25
BEED. 3321 26.8 33 .55 199 5.7 3076 48i CIA1 75 21 59.2 41 .65' 224 5.8 8256 123

Guner 2
Tctal Model S Sectioned Model S/MSloco TOX SL~ slwEDIUM FASI
SCUCI SS M S 55 MS SS MS SS ms

-I. M N .3 19.6 1.7 8.6
BEG. 210 105 .0 .01 .0 .02 198 9SREE D. 32 1 .4$ .07 2.9 .95 12 .12

TCTAI 242 6.9 20 2.23 4.6 .76 218 11
2000
MEAN 645 .35 .28 1123
BEG. 775 387 .01 .002 .41 .20 45S 22S
RSD. 548 18.3 .01 .002 .50 .12 385 24 -
ICUAL 1S68 59.6 .37 .052 1.2 .17 1966 104

4 2500
MIAN 1030 .03 134 1165 "
REG. 590 295 .01 .005 171 85 290 145I REED. 740 27.4 .00 .002 90 23 571 34
TC AL 2360 78.7 .04 .0C9 395 56 1966 lOS
3000
MEAN 173 1.4 63 2102
B BEG. 394 197 .2 .117 61 31 154 77
RISD. E83 34 .1 .048 76 38 492 31
TC A. 2S50 102 1.7 .35.3 200 40 2748 145
A11 Ranges
M ZE N 2 140 5.3 87 3340
BEG. 4567 2283 .5 .27 122 61 1053 526
.SDL. 1813 10.9 16 .71 392 18 2504 34
TCOAL e!21 50.7 22 .86 600 24 6898 S1
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111. CCCLUSICNS ND RECOMMENDATIONS

A main thrust of this analysis was to characteri2r the

target acticn in the neigbtcrhcod of trigger pull. 7he
experimert %as not ccnducted with this specific Furpcse in

mind. It was, on tie contrar suggested as an interesting

guesticn to be considered after review of the results in

their irtended role. Originatcrs of the expariment felt

that answering this guestion wouid provide insight intc the

factors that make trained gunners proficient and so it has.
Tie analysis provides statistical, objective basis 1cr

the statement that trained gunners have a selection criteria
and it gces a lcng way in clarifying just what they dc and

do nct lock for in terms of target motion as they pick

-shots. The analysis characterizes target motion during the
pericd %hen gunners formulate the decision to shcct and

indicates that they generally look for a pattern of
increasirg followed ty decreasing acceleration with deceler-

ation, cr acceleraticn approaching zero being the prefeied

paraseter values just prior to trigger pull. Velocity dces
not apFear to be a significant determinant of when gunners

shoot except that they elect not to shoot as often as
expected lassuming random selection) at very high'or very low

values of velocity c more appropriately extremes of the

range of velocity they okserve. This was intuitively
expected since the faster a target moves the harder it is to

hit, generally sjeaki.g.
These general guidelines vary between the twc gunners

examined suggesting tiat hard and fast rules may nct produce

the test cverall results among many different gunners. In

general Gunner 1 has a more stringent criteria for Frefered

target gcticn yet he fires acre often suggesting he does not

68
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track as lcng on average tc jick a shot. Intuitively he

appears tc anticipate the targets motion and amuush the

target within his prefered range of motion. If the general

goals cf the two gunners are the same then Gunner 1 achieves

the gcal of shooting during deceleration better than Gunner

2 with slightly better hit performance being the result. It
does aipear however that bcth gunners seek icceleration
approaching zero and in this respect Gunner 2 does slightly

tetter. The techniques are different and what works fcr cne

gunner aight nct wcrk for another. In any event the
achieved results are very close and either emphasis or

combiraticn thereof might work well for any given gunner.

In an attempt tc better guantify these findirgs bit

performance was modeled in terms of target motion using the

lcgistic regression. This exersize proved most significant

in what it did not show. for the many models examined
target velocity was found to bave no significant effect at

ranges up tc 1000 meters and inconsistent effect, nc effect

cr zinizal effect at longer ranges. Contrasting this the

models demcnstrate that acceleration has significant and
consistert effect on hit performance at all ranges. Ibis

would suggest that the trained gunners' selection criteria

is basically sound and that the gun system, the gunner, or

both effectively filter out the effects of velocity on hit

performance, particularly at close range.
These results suggest that training procedures which

develcl the gunners' ability tc discriminate target acceler-
ation would improve bit performance. Among the most simple.

procedures &ould be to teach gunners to look for head cn,

tail cn, or oblique crossing target silhouettes as opFosed
to a perpendicular crossing target silhouette. Since

trained gunners were able to pick out these types cf motion

without benefit of a target silhouette in the experiment it

is prctalle that simulators could be designed to mizic good

69
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and tad tyies of tar~et moticn thereby building ard rein-
forcing gocd shot selection habits in other guinnere. The

simulator used in the exp~eriment might even be suitaible fcr

* this pui~tcse other ccrstraints not withstanding.
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7. 7--

! A£uj..t A

COB9UIA EACGRUSS

TIhe 11I function 'Iu' takes a small vector of timEs at

trigger jull and locates their position in a much larcer

lector of time. The result is a vector of zecos and omes

equal in length to the large vector with ones indicating the

positicr of a time from the snall vector in the large

vectco. Ste small vector must te ordered. Both vectcrs

must have all entries significant to the same decimal Flace.

-,, 9x11CI33

Q R4.A IN 2;STOP;COUHT;COUHT2jTEM~fHOLD

[13 AtA IS THE VECTOR OF TIMES AT TRIGGER PULL

[21 %A MUST BE ORDERED FROM LOW TO 4IGHr4

r t AS IS THE TOTAL 11)4K VECTOR-

C43 STOPq.PA

C53 coumrT.O
C63 cOuNfT2-..
C73 HOLD+(1+A)=-

E83 cOu"TscOutT+1
E91 COUNT:!2 COUNT2+1

C103 TRP4P 4(cOuI? 4(cOuNT2A))=B

E113~ HOLD+-MOLD+TCMP
C123 .. xICOU.(STOP

C133 R .HOLD

[143

71

.........................................

....................................



be LiI function 'DECISICN' takes a small vectcr of

tines at tzigger pull and coaputes the average velocity and
acceleration during the period .18 to .22 seconds ;ricr to

each tile. Tines sust be crdered. The overall time,
velocity, and acceleration vectors must be in the wcrksjace

as must tbe function 'IN'.

9DEC1SIONO3)
. R.DECISION X

C 13 RX IS THE TIME OF TRIGGER PULLS A 1-DIMENSIONAL VECTOR.

C23 "THIS FUNCTION COMPUTES THE AVERAGE VELOCITY AND ACCELERATIO
N
*£3) fAT TRIGGER PULL MINUS .18 SEC TO TRIGGER PULL MINUS SE22 S

C

C43 "THESE AVERAGES ARE USED TO REPRESENT VELOCITY AND ACCELERAT
1 014

C53 MAT TIME OF DECISION TO PULL THE TRIGGER.

C63 M
N O T E X MUST BE X4-xc£x3 OR ORDER TIMES FROM LOW TO HIGHC73 TI-(X-0, 18) "

E83 TSEL-T IN TIME

[93 RUSE NEXT LINE WHEN DOMAIN ERROR OCCURS DUE TO OVERLAP[110"3 ATSEL+.(TSEL)I) .
'-

[11] RNOTE FUNCTION 'IN$ MUST PE PRESENT IN THE SAME WS

£12] V4.Vl4-(TSEL/VEL)
[13 A+Aj4(TSEL/NACEL)

C143 '+t --

£153 LOOP:TEMPV+((IeTSEL)/VEL)
[16) TEMPA*-((I@TSEL)/NACEL)

C173 V .(V+TEMPV)

£18) A4.(A TEMPA)
C173 :I+ 1 "

[203 4LOOPX (I_4)
[21) V4-(V-5)
[£23 A+- (A-5)
[233 AV AND A ARE THE AVERAGE VELOCITY AND ACCELERATION

C243 RFROM. TP(TRIGGER PULL)-,22 TO TP -. 18
£253 R-,REASSIGH v AND a,

Q
:26:-
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The IEL function ,SAMiPL1 takes a small vector cf times
at tzigge ull and ccaputes the average velocity and accel-

exatica during any half seccnd interval specified. lines
must ke crdered. TtE overall time, velocity, and accelera-

tion vectors aust bE in the workspace as must the furction
":': ' IN '.

9SAMPLE £U
R+-H SAMPLE X

£13 A 14 IS THE TIME PRIOR TO TP THAT STARTS SAMPL.E WINDOW

r23 R IF N w .2 THE AVERAGES RETURNED WILL BE FOR THE PERIOD
C33 pTP - .2(DECISION POINT) TO TP -. 7 OR ONE SAMPLE PERIOD
£43 "PRIOR TO THE TIME OF DECISION TO PULL

£53 nX IS THE VECTOR OF TIMES AT TRIGGER PULL - THIS VECTOR

£6) A1UST BE ORDERED FROM LOW TO HIGH

£73 Tt.(X-N)

£83 TSEL+.T IN TIME

[93 RNOTE FUNCTION 'IN'MUST BE PRESENT IN WS

C10) V-V14(TSL/VEL)

C113 A4.AjE(TS9L/?'ACEL)

E 123 Il -1
£133 LOOF:TEMPv$-((IOTSKL)/VEL)

£14] TEMPA-((IqTSEL)/NACEL)

£153 V .(V+TE V) 
.

£163 A4(A+TEMPA)
[17 ] 14.1 l "'

£183 4LOOPXI(IX(49)
C19] V'v+d50

C203 A .A-50
E213 RV AND A ARE THE AVERAGE VELOCITY AND ACCELERATION

C22) AFROM TP(ToGGER PULL)-N TO TP -(N+.5)

E233 R .,REASSIGN V AND A'

S24) 3

73
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Ihe ;rcgrau EICTEROB' computes the number cf data
Zoi2nts in a cell and the pxrcpcrtion of data points in a

cell. The cell boundnies are speci.fied by the user in the

vectors ACZ.L and VC1IL. The overall time, velocity, and

accelexaticz vectors gust be ia the workspace.

9PLOTPRODC03 -

w ft4-V PLOTPROP A

£13 flCOMPUTES THE NUMBER OF DATA POINTS IN A CELL AMD THE

* E23 MPROPOftTZON OF DATA POINTS IN A CELL

C33 fUSER DEFINES ACELL AND VCELL WH4ICH ARE THE CELL *OUNDRIES
£43 RACCLL AND VCELL MUST BE TO THE 3D DECIMAL (DATA IS TO 2D DE
CIMAL)-

* £53 CTOT..tO
E 63 AL4.1+ACELL

r 73 A R + 14,A CE9LL

£83 ATOT*.AL

£93 1#-0
E103 LOOP2:J4.0
1113 VL*.1f.CKLL
E123 VR*1++VCELL
C133 VTOT+.VL

£143 ATOT4.ATOTpAR

£153 LOOP:CXJ.+/( ((V)VL)A(V(VR) )A( (A>AL)A(A(ARt)))
£163 CTOT.CTOTICIJ

£173 J 4- J+ I
C183 VLI-VR.

£193 VTOToV.TOTVL

£ 20 3 VR+-1+(J+1)+VCELL
£ 2113 4LOOPXIU.J(((fVCELL)-1))

1£2223 #-'+1
£2'33 AL+-AR

£243 APR+1t(I+l)+ACELL

£2S3 4LOOP2X j(I ( (?ACELL)1)
£263 NDAe( ( (UfACELL)-1),( (pVCELL)-J) )pCTOT))
£273 PSEL+-NrAT+(+/,HDAT)

1283 RW.1K'DAT IS NUMBER OF DATA POINTS IN A CELL

£293 R2+-PS6L = PROPORTION OF DATA POINTS IN A CELL'

1303 ft+ 2 42 ?(RlYR2)
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